Abstract -A survey of the ancient germplasm of apple and pear from "Appennino toscano" was carried out in this study in order to characterize the genetic resources still present in the area. The characterization of species germplasm is a topic of great moment for many countries adhering to the FAO international undertaking on plant genetic resources. Thirty-four ancient cultivars belonging to apple (Malus domestica Borkh.) and thirteen ancient cultivars of pear (Pyrus communis L.) were studied using morphological and, mainly, SSR markers: five for apple and three for pear. As widely reported in literature, SSR markers were characterized by higher discrimination power (D), with average values of 0.8396 for apple and 0.8288 for pear, than morphological characters, average values of 0.5497 for apple and 0.5019 for pear. On the other hand, when considering the combined data, for both classes of markers, the D values were quite similar and usually greater than 0.9. The presence of differences between molecular and morphological data suggests the presence of factors like environment influencing morphological characters. Results from this study will help to determine the biodiversity of ancient apple and pear cultivars and to obtain guide endeavors to establish in situ germplasm reserves for these typical fruits production which preserve maximal amounts of genetic diversity for the species.
INTRODUCTION
Apple (Malus domestica Borkh.) and pear (Pyrus communis L.) are among the most economically important fruit tree crops of the temperate zones. According to the FAO report on the state of world's plant genetic resources for food and agriculture at least 97500 apple accessions and 1140 pear accessions are present in worldwide ex-situ collections.
In all the regions, the cultivation of fruit tree crops underwent different transformations: the abandoning of the promiscuous cultivation and the development of intensive cultivations favoured only few cultivars that make the standardization of production possible. All these factors caused the loss of cultivars, above all the ancient cultivars and the decrease of biodiversity not only for spontaneous species but also for those agronomically important. Many ancient cultivars are abandoned and usually risk extinction. Several of the local cultivars were low-input cultivars but showed adaptation to the local environmental conditions and the harvest was relatively stable, even under extreme conditions. The high genetic variability between and within different populations determined a poor annual harvest compared to the modern cultivated cultivars, but in turn this diversity often protected people from complete loss of the harvest (HAMMER et al. 2003) .
The discovery, collection, conservation and identification of potentially valuable but endangered plant genetic resources for food and agriculture are primary objectives for many countries adhering to the FAO international undertaking on plant genetic resources (HAMMER et al. 2003) .
From this point of view, the characterization of species germplasm is a topic of great imporAncient Pomoideae (Malus domestica Borkh. and Pyrus communis L.) cultivars in "Appenino Toscano" (Tuscany, Italy): molecular (SSR) and morphological characterization tance both on a large and small scale, and this is emphasized in many works (ROTONDI et al. 2003; ASSEFA et al. 2007; AGRIMONTI et al. 2007; WEIGUO et al. 2007) .
With this perspective we carried out a survey of the ancient germplasm of apple and pear from "Appennino toscano". In this area the tradition of pear and apple cultivation is still present because of the importance of these two species for the economy and history of the region: usually the fruits are used as fresh production, to cook, to dry, to ferment, usually belonging to particular prescriptions for typical and local hand-made foods and belong to the history of this old populated area. Some cultivars are also used in the popular pharmacopoeia and in particular in the cure and prevention of infectious diseases.
Traditional methods of cultivar characterization, based on agronomic and morphological parameters, are usually used to distinguish cultivars of the same species (CANTINI et al. 1999; BARRAN-CO and RALLO, 2000) although their expression is strongly affected by environmental conditions, the age of trees, the training systems, and the phenological stages of the plants (ROTONDI et al., 2003) . However, these methods have been replaced or complemented with DNA markers such as RFLP, RAPD, AFLP, SNP and SSR. Since these genetic methods cover all the genome recovering more genetic diversity (depending on the primers used), moreover they are virtually unlimited and not influenced by the aforementioned parameters. Relating to fruit trees with long juvenile period, they can be less time consuming for the characterisation of new cultivars or hybrids.
A large number of SSR markers have been developed in pear (YAMAMOTO et al., 2002) , apple (GIANFRANCESCHI et al., 1998; GUILFORD et al., 1997; HOKANSON et al. 1998 ) and other plant species like grapevine (THOMAS and SCOTT, 1993) and peach (CIPRIANI et al., 1999 , TESTOLIN et al., 2000 because of their abundance, high degree of polymorphism, high reproducibility, co-dominant inheritance and suitability for automation. Also DNA profiling was used for fresh and processed fruits in pear (YAMAMOTO et al., 2006) .
In this study, a research project was performed in order to recover and characterize the ancient apple and pear germplasm from "Appennino toscano". The cultivars were described using SSR markers and morphological parameters when disposable.
MATERIAL AND METHOD
Plant material -Samples belonging to ancient apple and pear cultivars of "Appennino toscano" (Table 1) were recovered from different sites located in Tuscany (Italy). All the cultivars of apple and pear are maintained in fields at the Ethnobotanical Garden in Rottaia (University of Pisa, Italy) and in Camaldoli (Comunità Montana del Casentino, Arezzo, Italy).
The agro-ethnobotanical informations for selecting the apple and pear ancient cultivars used for subsequently morphological and molecular analysis were collected by interview with the inhabitants, mainly old local farmers of the areas of interest. The interviews with inhabitants were used only to select the starting material (ancient Table 1 -Apple and Pear samples collected and analysed. cultivars) used for deeper morphological and molecular analysis.
All the cultivars were analyzed using SSR markers and several were described in pomological cards including the dialect name, the morphological and agronomic descriptions in order to determine the cultivars existing in the area under evaluation.
The pomological cards referred to the indications carried out by the "Commissione delle Specie Legnose da Frutto", instituted by the Regional Law on the defence of the genetic autochthonous resources of Tuscany.
Two commercial cultivars of apple (Gala and Golden), two pear cultivars (Conference and Abate Fetel) and rootstocks (Pyrusdwarf and Fox) were added to the analysis as standards. Molecular characterization -Relating to the genetic characaterisation, the green full-expanded leaves were harvested from the tree in spring, washed carefully with sterile water and stored immediately at -80 °C. The DNA extraction was performed following the extraction process of DNeasy Plant MiniKit (Qiagen). The quantification of the DNA was carried out using gel agarose electrophoresis (1%).
For SSR analysis, 20 ng of DNA dissolved in milliQ water, were used. The following SSR markers GD 100, GD 96, GD 162, GD 147, and GD 142, specific for apple genome, were chosen because they were able to discriminate different genotype within the same apple species (Table 2 ) (HOKANSON et al., 1998) .
Relating to pear, 3 specific primers were used, (KA 16, KA 14, BGT23b) , according to the highest number of alleles detected (Table 2) (YAMAMO- TO et al., 2002) . In each case, reaction mix and PCR amplification profiles were performed as described by HOKANSON et al. (1998) and YAMA- MOTO et al. (2001) .
The amplification products were analysed using capillary electrophoresis with ABI PRISM 3100 Genetic Analyzer (USA).
The information content of microsatellites was evaluated by expected heterozygosity (H) (NEI, 1973) according to the formula H = 1-Sp i 2 where p i is the frequency of i th allele at the studied SSR locus. Discrimination power (D) (TESSIER et al. 1999) was calculated according to the formula as above, where p i represents the frequency of the i th genotype.
Similarity values were estimated based on the fraction of bands common to each pair of cultivar (1 = presence, 0 = absence): the similarity matrices were obtained from the binary matrices by means of Dice coefficient (DICE, 1945) and cluster analysis was performed using the UPGMA algorithm. The Numerical Taxonomy and Multivariate Analysis system software (NYTSYS) (Exeter Software, Setauket, NY, USA) was used for the statistical analysis of data.
The cophenetic correlation coefficient was calculated and Mantel's test (MANTEL, 1967) was performed to check the goodness of fit of the cluster analysis to the matrix on which it was based. Morphological parameters -Morphological analysis was performed on a representative number of cultivars previously analysed with SSR markers in order to make a comparison between morphological and genetic characterization. Table 2 -SSR markers ("F" means Forward and "R" reverse) used for apple and pear molecular characterization.
Species

SSR markers Sequence
The parameters reported in Table 3 and Table  4 were scored on apple and pear genotypes respectively. Some parameters were scored for both apple and pear, while others were considered only for apple.
Several fruits were considered in scoring the characters for each plant and the mean values were used.
The different phenotypes were considered as different alleles and scored as 1 (presence of a certain characters) and 0 (absence of the characters).
In order to determine the phenotypic relationships related to the pomological characteristics statistical analyses were performed as reported for molecular markers.
RESULTS AND DISCUSSION
Apple characterization -The two commercial cultivar Gala and Golden were considered as references to anchor the subsequent molecular analysis.
All the 5 SSR markers produced polymorphic amplification products in the different samples analysed. The total number of alleles amplified by the 5 primers was 50. The number of alleles per locus was 10 on average, ranging from a minimum of 7 for GD 162 to a maximum of 13 for GD 96 (Table 5 ).
The gene diversity or heterozygosity ranged from 0.7848 to 0.8963. The number of genotypes ranged from 13 for GD 162 to 17 for GD 96. The D value ranged from 0.8653 to 0.9086 with an average value of 0.8396. The mean value is 0.89336. When considering all the data obtained with the different SSRs together, the total number of different genotypes was 28, and the discriminating power, evaluated as for single markers, was 0.9505. As a consequence of the high variability found, the majority of the cultivars were easily discriminated from each other. D was always greater than H, but the increasing of the D value was different for the different markers. The greatest increase was observed for markers GD 147 (from 0.8172 to 0.8889) and GD 162 (from 0.7848 to 0.8966) that had the smallest heterozygosity. This is probably due to the presence of several genotypes equally represented and to the smallest number of rare genotypes (p i = 1, respectively 5 out of 14 for GD 147 and 4 out of 13 for GD 162) with respect to the other markers. SSR GD 100 showed 2 abundant and 9 rare allelic combinations out of 14 genotypes. As expected the markers with the smallest percentage of rare genotypes had the greatest increasing of values going from H to D. Considering the combined data, 23 cultivar out of 36 had different profiles while were present 4 groups with 2 samples and a groups with 5 samples that were not distinguishable by the used markers. The high discrimination power of the loci (Table 5) suggests that these five primer pairs could differentiate most of the accessions of M. domestica. Two main clusters showing great genetic variability were present. The reference cultivars, Gala and Golden, fell in different clusters (Fig. 1) .
The cophenetic correlation coefficient between the dendrogram and the original similarity matrix was significant and high (r=0.842, and, out of 100 permutations, p = 1.00 was the probability that random Z £ observed Z).
The discrimination values for morphological parameters were characterised by a broad variation ranging from 0.100382 for "pulp texture" to 0.77542 for "other colours" (Table 3 ). Only two possible phenotypes were defined for pulp texture and 18 samples were characterised by fine texture. Only a single sample had coarse texture. On the other hand five different phenotypes were scored for the character "other colours", and the different classes had similar number of samples.
The mean value was 0.549706 while when considered together with the data obtained with the different morphological parameters, the total number of different phenotypes was 19 with a percentage of single phenotypes of 100%, and the discriminating power was 0.947427.
Two main clusters were defined by morphological analyses; the two groups contained respectively 9 and 10 samples (Fig. 2) . Table 5 -Number of alleles, size range (bp), gene diversity (H) and power of discrimination (D) of 5 microsatellites loci screened in 34 ancient apple cultivars from "Appennino Toscano" (Tuscany, Italy) and 2 commercial cultivars (Gala and Golden). The combined number of genotypes and discrimination power is reported too. The cophenetic correlation coefficient between the dendrogram and the original similarity matrix was significant and high (r=0.781, and out of 100 permutations p = 1.00 was the probability that random Z £ observed Z). Pear characterization -As for apple, two commercial cultivars: Abate Fetel and Conference were considered as references to anchor the subsequent molecular analysis.
The 3 SSRs primers produced polymorphic amplification products in pear cultivars studied. The total number of alleles amplified by the 3 primers was 23. The number of alleles per locus was 7.67 on average, ranging from a minimum of Table 6 -Number of alleles, size range (bp), n. of genotypes, gene diversity (H), and power of discrimination (D) of 3 microsatellites loci screened in 13 ancient pear cultivars cultivated from "Appennino Toscano" (Tuscany, Italy) two commercial rootstocks (Pyrusdwarf) and two commercial cultivars (Abate Fetel and Conference). The combined number of genotypes and discrimination power is reported too. (Table 6 ) to a maximum of 9 for BGT 23 (Table 6 ). The gene diversity or heterozigosity ranged from 0.6275 to 0.8377. The D value ranged from 0.7682 to 0.8672 with an average value of 0.8288. The values for the index of heterozigosity and power of discrimination was comparable with the data reported for these microsatellites loci (YAMAMOTO et al, 2001 (YAMAMOTO et al, , 2002 . The greatest increase from H to D was found for marker KA 14 that was characterized by the smallest number of rare genotypes (Table 6) .
As a consequence of the high variability found, the majority of the cultivars were easily discriminated from each other. When considering all together the data obtained with the different SSRs, the total number of different genotypes was 14 with a percentage of single genotypes of 93%, and the discriminating power was 0.9003.
The samples Sorba showed high genetic diversity with respect to all the other samples, commercially and not (Fig. 3) . Two main clusters were defined: the two commercial cultivars, the two rootstocks were grouped in the first cluster, and same sub-cluster along with William Camaldoli and Abate Fetél. In the second cluster we have two subclusters: one indipendent subcluster is represented by Rossellino and the second subcluster includes Briaco 1, Inverno and Agnellino that showed close similarity each other and another subcluster composed by Sanguinello 1, Briaco 2, Ubriaco Cappelletti and Campolombardo Cappelletti that have identical profile with a similarity of 100%.
The samples Sanguinello, Campo Lombardo Cappelletti, Briaco 2, and Ubriaco Cappelletti were indistinguishable with a similarity of 100%.
The sample Briaco 1 was different from Briaco 2 showing the greatest similarity with Inverno and Agnellino. The cophenetic correlation coefficient between the dendrogram and the original similarity matrix was significant and high (r=0.888, and, out of 100 permutations, p = 1.00 was the probability that random Z £ observed Z).
The discrimination values for morphological parameters ranged from 0.345432 for "pulp texture" and "epidermis" to 0.790543 for "longitudinal shape" (Table 4 ). Only two possible phenotypes were defined for pulp texture and epidermis and seven samples were characterized by the same phenotype. On the other hand six different phenotypes were scored for the character "longitudinal shape", and the different classes had circa the same number of samples.
The mean value was 0.501942 while when considered all together the data obtained with the different morphological parameters, the total number of different phenotypes was 9 with a percentage of single phenotypes of 100%, and the discriminating power was 0.889111.
Based on morphological characters, the sample showing the greatest differences was Rossellino and not Sorba as for molecular data.
The greatest similarities were found between Bottiglia and Agnellino, and Sanguinello and Lugliolo (Fig. 4) . The cophenetic correlation coefficient between the dendrogram and the original similarity matrix was significant and high (r=0.781, and, out of 100 permutations, p = 1.00 was the probability that random Z £ observed Z).
The present study was performed to determine genetic relationships using molecular and morphological characteristics between M. domestica Bork. and P. communis L. old accessions still present in "Appennino toscano", in a region between Arezzo and Florence (Tuscany, Italy).
As widely reported in literature, the utility of SSR, as markers of choice for plant cultivars fingerprinting, was confirmed. The average number of alleles per locus that was found for M. domestica and P. communis were similar to values reported for plant species with similar agronomical characteristics, including outcrossed, long-lived woody perennials such as grape, with reported values of 8.4 and 27.6 alleles per locus (THOMAS and SCOTT 1993; LAMBOY and ALPHA 1998); avocado, 9.5 (LAVI et al. 1994); tropical trees, 6.4 (CHASE et al. 1996); and oak, 14.3 (DOW et al. 1995) .
Our alleles per locus estimate for M. domestica was higher than the 4.5 alleles per locus reported by GUILFORD et al. (1997) in their study of 21 apple cultivars and was more comparable to the values estimated by HOKANSON et al. (1998) . Several factors could account for this discrepancy for example: the use of only those highly polymorphic SSRs, excluding the little polymorphic and the monomorphic ones; it was also possible that the automated detection system utilized in the present study was capable of resolving allelic variation at a higher scale than the probe hybridization detection system. The combined D was higher than the D values for each single locus and greater than 0.9 (0.9505 for apple and 0.9003 for pear), suggesting that these markers were able to discriminate the majority of the accessions of M. domestica and P. communis.
Similarities and differences between genetic relationships were found when comparing molecular and morphological trees both for apple and pear.
Relating to apple, all the samples named Roggia and Ruggina showed the same SSRs profiles independently from the sampling site for all the five primers used. Although there is not full certainty of the genetic identity between two genotypes analysing a small portion of DNA and few SSR primers, this evidence showed that these plants were probably clones belonging to the same cultivar. The same cluster, with some little differences was defined also by morphological analysis; it was possible that these differences could be due to environmental effects.
It was important to note that much of the information for the apple and pear ancient cultivars were collected by interview with the inhabitants, mainly old local farmers, of the interested areas, and sometimes the names of the samples were assigned by phenotypically similarities, which should be influenced by environmental effects, with other samples. In this perspective it was possible that samples, collected with the same name, could be different to the genetic level.
Rigata 1 and Rigata 2 were quite similar at the morphological aspects but completely different at the molecular level and the same situation was observed also for Rosa 2 and Rosa settembrina.
Other differences between morphological and molecular data were present, suggesting a strong environmental influence on the expression of morphological characters. Often a limit of several morphological markers is that they are not useful for phylogenetic analyses because variously influenced by the environment. For this point of view molecular markers are more useful because independent from the environment.
By using SSRs we found that Panaia 2 was different from all the other samples named Panaia, and Limoncella Monti was different from the to other samples with the same name. Again sample named Renetta grigia was grouped in a cluster characterized by high genetic similarities with four samples named Panaia. The other Renetta's samples were very close and in different positions with respect to Renetta grigia. This evidences showed that Renetta grigia has to be considered a cultivar belonging to the Panaia's group instead of Renetta.
Complete identity was found also for samples: Limoncella Siemoni and Limoncella Fatuccino; Calvé Campotosoli and Calvè Bicciano; Renetta grigia and Panaia Arrighi; Panaia Cappelletti and Panaia Gambineri. This suggested, as for Roggia and Ruggina, that these plants were probably clones belonging to the same cultivars.
Relating to the morphological characteristics, the cultivar Renetta-Ruggina was close related to Ruggina's cultivars although Renetta-Ruggina was clearly separated in the genetic analysis. Also in this case the phenotypical similarity was probably due to environmental effects.
Relating to pear morphological and genetic characterisation, the comparison between the two dendrograms showed that cultivar Bottiglia and Agnellina had pomological similarities that were not supported by a close genetic profile. In a previous work, cultivars belonging to Sanguinello and Briaco group were supposed to be close related at phenotypic level (CAMANGI et al., 2004) and these similarities were confirmed by SSR analysis.
William Camaldoli was grouped by SSRs in the same sub-cluster along with the commercial samples. The samples Sanguinello, Campo Lombardo Cappelletti, Briaco2, and Ubriaco Cappelletti were indistinguishable with a similarity of 100%.
The sample Briaco 1 was different from Briaco 2 showing the greatest similarity with Inverno and Agnellino.
Several differences were found both for apple and pear comparing molecular and morphological dendrograms. Considering the environmental influence, it was possible to conclude that in order to gain information concerning the genetic variability for conservation perspectives, molecular markers were preferred with respect to morphological markers Globally, a high genetic variability in the local apple and pear genetic resources was defined by SSR markers, which at the same time were successfully applied in solving the problem of synonymous and erroneous denominations. This instrument will be essential in order to determine homonymy and synonymy and make possible to study phylogenetic relationships and the extent of genetic variability of the local cultivars belonging to different areas in Italy and abroad.
Results from this study will help to determine curatorial decisions regarding issues such as deaccessioning in the ex situ Malus and Pyrus germplasm collection exisiting in "Appenino toscano" (Tuscany, Italy) and guide endeavors to establish in situ germplasm reserves for these typical fruits production which preserve maximal amounts of genetic diversity for the species.
